The crystal structure of 2,6-bis(1-methylbenzimidazol-2-yl)pyridine (L 4 ) evidenced a quasi trans-trans conformation of the unsubstituted nitrogen atoms of the aromatic rings which is maintained in solution on the NMR timescale.
Introduction
Until 1996, 1 no example of calamitic metallomesogens (i.e. metal-containing liquid crystals) involving terdentate binding units had been reported, while only few discotic metallomesogens with terdentate 1,3,5-triketonate, 2 1,4,7-triazacyclonane 3 and pyridine-2,6-dimethanol 4 ligands have been described. Recently, two concomitant approaches have been developed for introducing bent terdentate binding units into rod-like receptors exhibiting mesomorphism. The first approach uses the connection of semi-rigid lipophilic long chains connected to the 4 position of the central pyridine unit in 6Ј-phenyl-2,2Ј-bipyridine, 5 pyridine-2,6-dicarboxylic acids and pyridine-2,6-dithiocarboxylic acids 6 in order to induce significant molecular anisometry compatible with calamitic mesomorphism. Nematic, 5 smectic and columnar 6 mesophases have been detected at high temperature for the ligands and for their rigid tabular complexes with square-planar Pd II in which partial or complete charge compensation results from orthometallation 5 or deprotonation. 6 On the other hand, neutral aromatic bent terdentate binding units incorporated into extended aromatic receptors offer fascinating perspectives for the preparation of fast-switching ferro-or antiferro-electric mesophases.
7 Rod-like (L change to the large spatial expansion induced by co-ordination of anions and/or solvent molecules on both sides of the plane defined by the meridionally three-co-ordinated binding unit and the metal ion in the complexes. In order to test the potential use of L 1 and L 2 for producing calamitic metallomesogens, we have launched into a research project aiming at introducing metal ions and counter anions producing controlled anisometry and predictable steric characteristics in the final complexes. Although five-co-ordinated and tetrahedral complexes with Rh I have been reported, 11 the strong stereochemical preference of Rh I for square-planar complexes 11,12 together with its single positive charge are compatible with the design of neutral square-planar complexes in which Rh I is meridionally three-coordinated by a neutral terdentate chelating nitrogen ligand, the fourth position being occupied by a co-ordinating anion (Cl Ϫ , Br Ϫ ). Contrary to the rich literature reporting rhodium() complexes with π-acid ligands, 11 the complexation of Rh I with terdentate aromatic N-donor ligands has poorly been explored and we are aware of a single report describing the structure of the highly reactive complex [Rh(L
3
)Cl] in which Rh I is meridionally three-co-ordinated by a complexing unit analogous to that found in L i (i = 1 or 2). 13 Detailed studies of this complex in solution show that (i) complicated intra-and intermolecular exchange processes involve the imine side arms on the NMR timescale at room temperature and (ii) only weakly bound alkenes can be replaced by the nitrogen atoms of L 3 .
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To the best of our knowledge, no study involving 2,2Ј : 6Ј,2Љ terpyridine (terpy) or its derivatives has been reported and this paper describes the complexation behaviour of Rh I with the analogous ligands 2,6-bis(1-alkylbenzimidazol-2-yl)pyridine L 
Results and discussion
Structure of ligands L 4 and L
5
Theoretical calculations using semi-empirical EHMO 16 and ZINDO (INDO/S developed by Zerner) 9 methods suggest that the trans-trans conformation (i.e. the nitrogen atom of the pyridine ring is trans to the unsubstituted nitrogen atoms of the benzimidazole rings) corresponds to the most stable geometry in the gas phase and in solution as demonstrated by the predicted electronic spectra which closely match those recorded in acetonitrile-dichloromethane. 17 In order to assess the relative and subtle effects of (i) protonation, (ii) crystal packing forces and (iii) steric constraints induced by the substituents borne by the benzimidazole rings on the exact conformation of the terdentate core, we have solved the crystal structure of L 4 . Fig. 1 shows the atomic numbering scheme and Fig. 2 
) have only minor effects on the conformation of the tridentate core and (ii) intermolecular interactions (dipolar, hydrogen bonds, π stacking) mainly control the fine arrangement of the terdentate core in the solid state. These hypotheses are supported by the contact distances between the carbon atoms of the alkyl substituents directly connected to the benzimidazole rings (C13 ؒ ؒ ؒ C21 for L 4 ) which display no straightforward relationship with the nature of the substituents (3.81 
), but which depend on specific intermolecular interactions. In L 4 and L 1a the almost coplanar pyridine-benzimidazole moieties of one ligand strongly interact with the identical moiety of a second molecule related by an inversion centre (1 Ϫ x, 1 Ϫ y, 1 Ϫ z), thus producing headto-head π-stacked pairs whose average interplanar distance (3.41 (7) 
17
dichloromethane produces a yellow precipitate which is insoluble in most organic and inorganic solvents. The IR spectrum displays absorption bands in the 1200-1600 cm Ϫ1 domain typical of the terdentate ligand (1460, 1560, 1580 cm The molecular structure of 2 consists of a dimetallic complex in which L 5 acts as a bis-monodentate bridging ligand, one Table 1 ; Fig. 3 displays the atomic numbering scheme and a stereoview of the complex is shown in Fig. 4 .
The terdentate core of the complex adopts a distorted trans-trans conformation similar to that found in the molecular structure of the ligand L 4 , but it evidences larger interplanar angles between the non-co-ordinating central pyridine ring and the benzimidazole side arms (48.58(3) and 55.25(3)Њ, ESI Table S2 ), thus producing a significant helical twist of L
5
. The contact distance between the carbon atoms bound to the benzimidazole rings C20a ؒ ؒ ؒ C28a 5.412 (6) Fig. 3 ). The two resulting distorted square-planar metallic co-ordination spheres are very similar with Rh I located slightly out of the plane of the four-co-ordinating centres (deviation: 0.057(1) Å for Rh1 and 0.011(1) Å for Rh2). The Rh-Cl distances (2.360-2.366 Å, )Cl]. 13 The Rh-C distances (2.102-2.124 Å, average 2.11(1) Å) are slightly shorter than those found in other rhodium complexes containing NBD or 1,5-cyclooctadiene (2.156 Å), but they are close to those observed in rhodium complexes with ethylene (2.129 Å).
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The Rh-N distances (2.110-2.113 Å) are also standard (1) a P1i is the midpoint between the carbon atoms C2i and C3i and P2i that between C5i and C6i (i = b or c); the uncertainties of P ji are set to 0 ( j = 1 or 2 and i = b or c). and similar to that found in [Rh(NBD)Cl(dmap)] (2.106 Å; dmap = 4-(N,N-dimethylamino)pyridine).

Table 1 Selected bond distances (Å) and angles (Њ) for [{Rh(NBD)-
Cl} 2 L 5 ] 2 Rh1 ؒ ؒ ؒ Rh2 Rh1-Cl1 Rh1-N2a Rh1-C2b Rh1-C3b Rh1-P1b a Rh1-C5b Rh1-C6b Rh1-P2b a N2a-Rh1-Cl1 N2a-Rh1-P1b a N2a-Rh1-P2b a Cl1-Rh1-P1b a Cl1-Rh1-P2b a P1b-Rh1-
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The pseudosquare-planar units [Rh1, N2a, Cl1, P1b, P2b] and [Rh2, N4a, Cl2, P1c, P2c] adopt almost orthogonal arrangements with respect to the benzimidazole ring to which they are connected (81.14(3)Њ for Rh1 and 77.23(3)Њ for Rh2) together with a relative antiparallel orientation of the Rh1-Cl1 and Rh2-Cl2 vectors located respectively above and below the least-square plane passing through the twisted terdentate bridging ligand (Fig. 4) . Although no crystallographic symmetry is observed for the dimetallic complex [{Rh(NBD)Cl} 2 L 5 ], the non-aliphatic part of the structure shows a pseudo-C 2 axis passing through N1a and C3a. The observed and refined olefinic hydrogen atoms of the NBD units severely deviate (0.18-0.31 Å, average 0.25(5) Å) from their expected positions in pure sp 2 hybrids consistent with steric constraints and/or efficient Rh→NBD π-back-donation which move these hydrogen atoms away from the rhodium metal. Finally, weak π-stacking interactions between the parallel benzimidazole rings N4a, N5a of two complexes related by an inversion centre (average stacking dis- tance: 3.559(8) Å) produce associations by pairs in the crystal packing of 2 (ESI Fig. S2 ).
Solution structure of [{Rh(NBD)Cl}
The 1 H NMR spectra of complex 2 in CDCl 3 or CD 2 Cl 2 at room temperature display only broad signals resulting from slow intra-and/or inter-molecular exchange processes as previously observed for related rhodium complexes with bidentate and terdentate nitrogen ligands.
13, 14 At low temperature (210 K) a series of resolved signals corresponding to a single species in slow exchange on the NMR timescale (>90% of the ligand speciation according to the integration of the signals) can be assigned by using { 1 H-1 H}-COSY spectra and NOE measurements (Fig. 5) . The AX 2 spin system observed for the protons H 5, 6 , together with the equivalence of the two benzimidazole side arms, point to the existence of a symmetry element (a mirror plane or a twofold axis) bisecting the central pyridine ring. The 1 : 2 ratio of the integrals of the signals for protons belonging to L 5 and NBD respectively indicates that the dimetallic structure found in the solid state is maintained in solution and the considerable complexation shifts observed for H 5 (∆δ = 1.70 ppm) and H 4 (∆δ = 0.81 ppm) confirm the co-ordination of the benzimidazole rings to [Rh(NBD)Cl]. The observation of two multiplets for the diastereotopic protons H 7,8 precludes the existence of an average mirror plane containing the terdentate binding unit on the NMR timescale and the concomitant non-equivalence of H a,b,d,e and H c,f implies that (i) the co-ordinated norbornadienes do not rotate rapidly on the NMR timescale and (ii) the perpendicular orientation of the square-planar rhodium units with respect to the benzimidazole rings is maintained in solution. We thus conclude that the dimetallic complex adopts an average C s -(I) or C 2 -symmetrical structure (II) in solution at low temperature (Fig. 6) . The latter arrangement (II) is closer to that found in the solid state, but NMR spectra cannot distinguish between these two structures. Finally, it is worth noting that the detected intramolecular NOE effects are systematically negative for 2 in CDCl 3 at 210 K consistent with a slow tumbling rate of the complex. 24 We tentatively assign this effect to the increased viscosity of the solvent (freezing point of CHCl 3 : 209 K) and this is supported by the detection of related, but weakly positive NOE effects for 2 in CD 2 Cl 2 at 210 K (freezing point of CH 2 Cl 2 : 178 K).
Conclusion
The reactions of the potentially terdentate binding units L complexes
25,26
In the latter complexes the metal ions are essentially linearly coordinated by two benzimidazole units belonging to the different strands and theoretical calculations 25 suggest that the doublestranded helical structure results from a compromise between specific steric constraints and the electronic destabilisation of the alternative monometallic Y-shaped complexes. 26 For the larger Rh I a less constrained T-shaped geometry is required for a monometallic complex with L i (i = 4 or 5) and the latter argument is no longer valid since a related arrangement has been observed in [Rh(L 3 )Cl]. 13 We thus tentatively assign the absence of double-stranded helical structures as a result of the weak π-accepting properties of the ligands L 4 ϩ ). These complexes gave IR spectra compatible with their formulations. 
Crystal
Physical measurements
IR spectra were obtained from KBr pellets with a Perkin-Elmer 883 spectrometer,
1
H NMR spectra at 25 ЊC on a Broadband Varian Gemini 300 spectrometer with chemical shifts given in ppm with respect to TMS. Pneumatically assisted electrospray (ES-MS) mass spectra were recorded from THF solutions on API III or API 3000 tandem mass spectrometers (PE Sciex) by infusion at 4-10 µl min Ϫ1 under low up-front declustering or collision induced dissociation (CID) conditions, typically ∆V = 0-30 V between the orifice and the first quadrupole of the spectrometer. Elemental analyses were performed by Dr H. Eder from the Microchemical Laboratory of the University of Geneva.
